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INTRODUCTION 
The practice of weaning pigs at 2 to 3 weeks of age is a means for 
increased efficiency In pork production. Diets of early-weaned pigs must 
provide energy to maintain rapid gains during a period of low Intake. 
Sow milk contains 30 to 35% fat which provides energy during lactation. 
However, when fat is added to starter diets gains are reduced from the 
lactation level and feed/gain ratio does not decrease, opposite what 
would be expected when caloric density increases. Fat source, intestinal 
emulsification, diet form, digestibility and pancreatic lipase activity 
do not appear to influence the response of the weanling pig to supple­
mental fat. Some other factors which may influence the effect of fat on 
baby pig performance are dietary palatibi1ity, caloriezprotein ratio, 
weaning and age at weaning. 
The present studies were initiated to 1) determine the effect of fat 
and fat source on diet acceptability, 2) to study the influence of in­
creasing and constant caloriezprotein ratio on weight gain, feed intake, 
digestibility, and body composition, and 3) to determine the effect of 
weaning and age at weaning on gain, feed intake, and ether extract 
digestibi1ity. 
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REV IE'; OF LITERATURE 
Introduction 
Reasons for early weaning 
The practice of weaning prior to 2 weeks of age permits a more rapid 
litter turnover in farrowing facilities and also reduces the period of 
high feed intake by the sow and the cost per animal produced. During the 
first 3 weeks after farrowing, milk yield has been shown to reach a maximum 
(Lucas and Lodge, 1961; Allen and Lasley, I960). Perrin (1954) has also 
shown that the fat content of sow's milk decreases after three weeks of 
lactation. Sows must be bred on second estrus after a 2 week lactation or 
on the first estrus following a 4 week lactation to have the maximum 
embryonic survival (Moody and Speer, 1971). 
After weaning pigs must receive diets that provide energy for rapid 
gains, but contain nutrients which may be utilized. Early weaned pigs 
are not accustomed to solid diets and feed intake is low. A high energy 
density is required in the starter diet to meet energy needs of the 
weanling pig. Substitution of fat for carbohydrates has been used to in­
crease energy density of diets. 
Supplemental fat and baby pi g performance 
Supplemental fat has not been shown to alter baby pig gains (Anderson 
and Bowl and, 1967; Sewell and Miller, 1965; Standish and Bowland, 1967; 
Asplund, Grummer and Phillips, I960; Euseb i  o e^ al_., 1965; Ewan, 1970; 
Peo er_ , 1957). Crampton and Ness (1954) found increased gains by pigs 
fed added fat. Peo et al. (i957), Standish and Bow)and (1967), Eusebio 
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al[. (1965) found that feed/gain ratios were not changed by addition of 
fat to the diet. Anderson and Bowl and (1967) and Standish and Bowl and 
(1967) found added fat did not alter feed intake. This is in contrast to 
the decreased intake reported by Crampton and Ness (1954). Energy intake 
was not changed by added fat as shown by Sewell and Miller (1965) and 
Ewan (1970). Ewan (1970) and Frobish 3l_. (1969) indicated greater 
energy requirement per unit gain where fat was added. 
Supplemental fat and growing pig performance 
With pigs between 40 and 90 kg, increased gains were observed where 
fat was added to the diet (Wagner el^ a^., 1963; Greely e^ , 1964; 
Sewell, Tarpley and Abernathy, 1958; Barri ck ej^ a1_., 1953; Kuryvial, 
Bowl and and Berg, 1962). Hale, Johnson and Warren (1968), Hays (1957), 
Hutagalung a1_. (1969), and Brooks (1967, 1972) found added fat did not 
influence gains. Wagner e^ (I963), Hale, Johnson and Warren (1968), 
Greeley, et_ aj_. (1964), Hutagalung £j_- (1969), Kuryvial, Bowl and and 
Berg (1962), Brooks (1972), and Barrick et^aJU (1953) have demonstrated 
lower feed/gain ratios where fat was included in the diet. Brooks 
(1967) found feed/gain ratio was not affected by added fat. Fat de­
creased feed intake by growing-finishing pigs (Hale, Johnson and Warren, 
T968; Greeley e^ a^., 1964). 
Supplemental fat in diets of pigs weaned at 2-3 weeks of age does not 
decrease feed/gain ratio or increase gains as would be expected from the 
increased energy density of the diet. Factors such as physical form of the 
diet, fat source, intestinal emulsification, lipase activity and digestibil­
ity have been suggested as reasons for lack of response by the young pig. 
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Digestive Factors Influencing Fat Utilization 
Physical form of the diet 
Lower gains and greater feed/gain ratios have resulted from adding 
fat to liquid diets. Catron e^ aj^. (1953) observed decreased pig gains 
as fat level increased from 10 to 30% In a synthetic milk diet. Cunningham 
and Brisson (1955) reported rate of gain did not differ where reconstituted 
diets containing 1.5 to 4.5% fat were fed. Gains were significantly re­
duced by the Incorporation of 20% fat in gruel fed diets (Manners and 
McCrea, 1963). Froblsh e^aj_. (1969) and Catron £]_• (1953) reported 
decreased feed Intake when fat was added to liquid diets. Cunningham 
and Brisson (1955) found fat decreased solids required per unit gain 
while Catron e^ al_. (1953) reported no difference. 
Fat source 
An inverse relationship between fat molecular weight and fat utiliza­
tion has been found In the baby pig. Lloyd, Crampton and MacKay (1957) 
reported apparent fat digestibility decreased as the mean molecular 
weight Increased. This relationship was also reported by Crampton et al. 
(i960), Fritz (1963), Lloyd and Crampton (1957), Sewell, Thomas and 
Price (1961), Eusebio e^ al_. (1965). Crampton et al. (I960) found fat 
containing short chain fatty acids produced greater gains than fats of 
predominantly longer chain length. Eusebio e^ (1965) found greater 
gains from coconut oil than soybean oil diets. The findings of Froblsh 
e^ £l_. (1970) are in agreement with those of Crampton e^(I960) and 
Eusebio et al. (I965). 
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Fatty acid saturation does not appear to govern fat utilization. 
Lloyd and Crampton (1957) observed no significant relationships between 
fatty acid saturation and digestibility. 
Emulsification 
Bile salts are the primary emulsifiers which break down liquid fat 
into smaller lipid droplets by lowering surface tension. Emulsification 
increases interface area allowing greater access by hydrolyzing enzymes 
to substrate (Simmonds, 1969). Micelles formed in the presence of bile 
salts help remove the hydrolytic product, fatty acids and 2-monog1ycerides, 
from the enzyme reaction thereby favoring glyceride breakdown. Hydrolysis 
products are directly absorbed from micelles (Freeman, 1969; Simmonds, 
1969). BorgstrtJm (1964) demonstrated the Importance of bile in shifting 
pH of pancreatic juice from slightly basic to slightly acid which is 
optimum for pancreatic lipase activity. 
Fat particle size does not appear to limit fat utilization by baby 
pigs. Manners and McCrea (1963) found no difference in gains and feed/ 
gain ratio between pigs fed hydrolyzed or homogenized fat. Frobish et al. 
(1969) observed no difference In gain and feed/gain ratio when lecithin 
or emulsifiers were added to fat-supplemented diets. Findings of Sheffy 
et_ al_. (1951) are In agreement with those by Frobish a1_. (1969) and 
Manners and McCrea (I963). 
Pancreatic 11pase 
Lipid absorption is dependent on hydrolysis of the dietary fat by 
pancreatic lipase. Freeman £££]_. (1968) indicated fatty acid and 2-
monoglyceride absorption from micelles Is the primary means of fat 
absorption by the pig. Fat hydrolysis appears adequately met by pancreatic 
lipase as Frobish e^ al_. (1971) found high digestibility when pigs con­
sumed sow milk. Hartman et al. (1961) and Kitts et al. (1956) have ob­
served high pancreatic lipase activity during suckling and an increase 
with age. 
Digestibi1i ty 
Apparent fat digestibility increases with dietary fat level. Frobish 
e^ al_. (1969, 1970), Aspl und ei^ £]_. (i960), Ewan (1970), Lowery et al. 
(1962), Eusebio et_ a2_. (1965) and Clawson e^£]_. (1962) have reported 
increased fat digestibility with the presence of fat in the diet. 
Metabolic fecal fat is lower in relation to the fat intake when high fat 
diets are fed. Bayley and Lewis (1965) have shown fecal fat to decrease 
by 4.1 grams/day when fat intake decreased by 16.8 grams/day. 
Level of dietary fat appears to have little influence on protein 
digestibility as reported by Cunningham and Brisson (1955), Standish and 
Bowland (1967) and Lowery et al. (I963). Metla and Mitchell (1956) 
confirm that fat does not influence protein digestibility in the rat. 
Anderson and Bowl and (1967) found no significant effect of dietary fat 
on lysine digestibility. 
Digestibility generally increases with age. Frobish et al. (1969, 
1970), Eusebio e^ a_l_. (1965), Cunningham and Brisson (1955) and Ewan (1970) 
have found increased fat digestibility with age. Protein digestibility 
has also been shown to increase with age (Anderson and Bowl and, 1967; 
Lloyd, Crampton and MacKay, 1957; Cunningham and Brisson, 1955). Those 
factors required for effective digestion of fat appear adequate for the 
early weaned pig. Factors which influence energy intake, and storage by 
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baby pigs have not been extensively studied. 
Other Factors Influencing Fat Utilization 
Influence of weaning 
Decreased performance has been observed following weaning. Hartman 
£l_. (1961) showed a 2 week growth check period following weaning. 
Lucas, Calder and Smith (1959) reported a 10-day period of low body weight 
gains following weaning. Pancreatic tributyrinase activity as an estimate 
of digestive ability decreased and remained low for 2-weeks following 
weaning (Hartman £].• » 19^1 ). Cunningham and Brisson (1955) observed 
low fat digestibility during the first 2 weeks postweaning. Lloyd, 
Crampton and MacKay (1957) and Eusebio e_^ aj_. (1965) also observed low 
fat digestibility two weeks after weaning. 
Pigs weaned at 2 (Smith and Lucas, 1957), 7 (Hartman et^ ^L' » 196?) 
10 (Lucas, Calder and Smith, 1959) and 14 (Ewan, 1970) days of age have 
shown a lag in body weight gain following weaning. Chung and Chung (1971) 
found pigs weaned prior to 20 days of age produced lower gains in the 
early postweaning period when compared to performance of pigs weaned at 
25 or 30 days of age. Rates of gains were significantly greater for pigs 
weaned at 8 weeks than at 3 weeks of age (Meade, Dukelow and Wass, 1964). 
influence of fat on palatibi1ity 
Intake of fat supplemented diets by baby pigs is low and may be due 
to low diet acceptability. However, the influence of fat supplementation 
on diet acceptability has not been studied. Dietary sweetners have been 
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used In baby pig starter diets to increase palatability and feed intake. 
Lewis et al_. (1955) found earlytweaned pigs preferred diets containing 
sugar to those which contained no sugar. Aldinger et_al_. (1959) found 
consumption of sacchartn-eupplemented diets 3.5 times greater than un-
supplemented diets. Flavor of fat and physical properties imparted to 
the diet by fat are individual factors governing feed intake. Deuî and 
Movitt (1944) have shown rats prefer diets containing flavored fat to 
those containing ynflavpred fat. 
Calorie;Brotein ratio 
Increased dietary energy density results in less diet consumed to 
meet caloric requirement. Concentration of non-energy nutrients must In­
crease proportional to energy density to meet the animals' requirement. 
Greater gains and lower feed/gain ratios have been observed as protein 
level of the fat-supplemented diet increases (Manners and McCrea, 1963; 
Becker, Ullrey and Terrill, 1954; Peo et^a^,, 1957; Eusebio e^ ajy, 1965). 
Allee £t al_. (1971) fed diets with a constant nutrient to calorie ratio 
and observed no decrease in gains due to added fat. 
Protein quality 
High quality protein may be required when high fat diets are fed to 
baby pigs. Lower y al_. (1963) found low protein, fat-supplemented 
diets produced greater galng when casein was the protein source but a 
decrease when wheat gluten was used. Manners and McCrea (1963) observed 
a lower protein requirement where milk proteins rather than casein were 
used In fat-supplemented diets. Froblsh et al. (1970) observed casein 
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produced greater gains and lower feed/gain ratios than soy protein. 
Sewell, Thomas and Price (1961) observe^ greater gains from purified 
diets than from 10% protein corn-soybean meal diets. Natural diets have 
been supplemented with amino acids to improve protein quality and fat 
utilization. Standish and Bowland (1967) observed no effect on fat 
utilization when lysine and methionine levels of wheat soy-herring meal 
diets were raised to that found In 20% protein diet. Neither methionine 
nor a combination of lysine and. methionine in fat-supplemented diets had 
any significant effect on average daily gain, feed/gain ratio or feed 
intake (Ewan, 1970). Anderson and Bowl and (1967) demonstrated narrowing 
the calorie:lysine ratio did not improve fat utilization. 
Composition of gain on evaluating fat as an energy source 
Energy gained is dependent on composition since energy concentration 
of fat is greater than for protein. However, density and associated water 
are less for fat than for protein. This means more energy is stored per 
gram when gain is predominantly fat rather than protein. 
Evaluation of fat utilization by baby pigs differs depending on 
criteria used. Conclusions about fat utilization by baby pigs have been 
drawn from studies where carcass energy storage was not evaluated. 
Cunningham and Brisson (1955) have shown added fat did not significantly 
affect calories gained per calorie consumed where values were derived from 
diet composition, body composition and the respective heats of combustion 
for fat, protein and carbohydrate. These findings agree with those of 
Hoagland, Snider and Swift (1952) where rats were fed diets containing 
from 5 to 18% added fat. 
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Less îs known about how dietary energy level influences composition 
of pigs prior to 15 kg than for pigs between 40 and 90 kg. Increased 
energy density has been shown to produce greater backfat thickness in 
growing finishing pigs (Kennington, Perry and Beeson, 1958; Pond, Kwong 
and Loosl i, I960; Kuryvial e^ al_., 1962; Bowl and and Berg, 1959; Brooks, 
1967, 1972; Barri ck e^ £l_., 1953). A11eee^al_. (1971) demonstrated 
supplemental dietary fat decreased fatty acid synthesis suggesting that 
the additional fat was stored directly in adipose tissue. 
Dietary fat level has little influence on retention of absorbed 
nitrogen (Anderson and Bowl and, 1967; Kuryvial and Bowland, 1962). How­
ever, increasing protein quality and quantity increases nitrogen retention 
as reflected by increased percent carcass protein. Kuryvial and Bowl and 
(1962) observed increased nitrogen retention when protein level increased 
from 14 to 22% of the diet. These findings were verified by Standish 
and Bowland (1967)• High quality protein diets have been shown to pro­
duce leaner carcasses than low quality protein (Lowery e^ , 1963). 
Anderson and Bowl and (1967) observed increased nitrogen retention when 
dietary lysine level was increased from 0.45 to 0.85%. Greater nitrogen 
retention was noted by Standish and Bowland (1967) where lysine and 
methonine levels were increased. 
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SECTION I 
EFFECT OF FAT ON PERFORMANCE 
OF BABY AND GROWING PIGS 
1 2  
INTRODUCTION 
By adding fat to the diet of pigs, the energy content of the diet is 
increased per unit of weight. Assuming that the pig consumes enough diet 
to meet his energy needs, the addition of fat should not affect the rate 
of gain but should reduce the amount of feed required per unit of gain. 
With growing pigs (15 ~ 40 kg body weight), Wagner et al. (1963) and 
Greeley et al. (1964) observed an increase in gain and a decrease in feed/ 
gain ratios when fat was added to the diet. In contrast to these results, 
Peo et al. (1957), Eusebio e^ aj. (1965) and Ewan (1970) observed that the 
addition of fat to the diet of baby pigs (5 - 15 kg body weight) had no 
effect on gain but increased the feed required per unit of gain. 
A1 dinger e^ al_. (1959) and Lewis e^ (1955) have shown that feed 
intake by baby pigs increases when sweetners are incorporated in the diet. 
The influence of fat on diet palatibility has not been investigated. Fat 
may decrease feed intake and thus reduce the energy intake. The first 
experiment reported here was conducted to study the influence of age of 
animal, fat level and source of fat on gain, feed consumption, feed/gain 
ratio, and ether extract digestibility. The effect of supplemental fat 
and source on diet acceptability was studied in the second experiment. 
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EXPERIMENTAL PROCEDURE 
Experiment One 
A group of 80 Yorkshire x Landrace x Poland China pigs averaging 
4.6 kilograms and a second group averaging 23.1 kilograms body weight 
were each randomly assigned from weight outcome groups to 4 replicates of 
5 pens. Treatments were assigned at random to pens within each replicate. 
The pen of four pigs was the experimental unit. Pigs and feeders in 
both groups were weighed weekly throughout the 42-day experimental period 
and the pigs were allowed feed and water ad 1ibitum. Baby pigs averaging 
16 days of age at weaning were fed a corn soybean-meal diet (18% protein) 
containing 0.25% chromic oxide for determination of ether extract digesti­
bility. Growing pigs were fed a corn soybean-meal diet (l8% protein) 
that was similar in composition to that for baby pigs with the exception 
cane sugar was deleted. Fat supplemented diets fed to both age groups had 
either 5 or 10% lard or hydrolyzed fat substituted for corn starch. 
Composition of basal diets are shown in Table 1.1. Fecal samples were 
collected from baby pigs at the end of the first, third, and sixth week 
of experiment, oven dried at 55-60° C and ground by a Wiley mill. Chromium 
determinations were made by atomic absorption spectrophotometry after 
samples were wet ashed with perchloric and nitric acids. Ether extractions 
were made on a Goldfinch extractor with anhydrous ether for four hours. 
Gain and feed/gain values were subjected to analysis of variance while 
digestibility data was analyzed by least squares analysis (Harvey, I960). 
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Experiment Two 
One hundred forty-four Yorkshire x Landrace x Poland China pigs 
averaging 19 days of age and 5.0 kg body weight were randomly allotted to 
six replicates of six experimental comparisons from weight outcome groups 
with littermates across all comparisons where possible. There were four 
pigs in each pen with two feeders and an automatic water. Lard, tallow 
or hydrolyzed fat was substituted for corn starch in the 24% protein 
basal diet shown in Table î.l. Pigs in each pen were permitted free 
access to the two diets being compared. The combinations used are shown 
in Table 1.4. Pigs and feeders were weighed weekly throughout the 28-day 
experimental period and total consumption of diets within a comparison 
analyzed by the Wilcoxon signed rank test (Steel and Torrie, I960). 
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RESULTS AND DISCUSSION 
Experiment One 
A summary of performance data is shown in Table 1.2. The addition 
of fat to the diet of baby pigs did not significantly affect the gain of 
the pigs. This is consistent with the findings of Peo et_ aj_- (1957), 
Standish and Bow land (1967), Frobish £]_* (1969) and Ewan (1970). How­
ever, the pigs fed diets containing 5% added fat gained more rapidly than 
pigs fed diets containing 10% fat. Eusebioe^a^. (1965) observed a 
decrease in gain of pigs fed diets containing 2 to 38% added fat. No 
difference was observed between the gains of pigs fed diets containing 
lard or hydrolyzed fat. This is in contrast to the improved gains ob­
served by Frobish £l_* (1970) when hydrolyzed fat was fed. 
Growing pigs gained less (P < .01) when fed the basal diet than when 
fat supplemented diets were fed as observed by Heitman (1962). Others 
have observed that the addition of fat to the diets of growing pigs 
resulted in improved gain (Kennington et^ ajy, 1958; Sewell et^£^., 1958; 
Kuryvial £].•, 1962; Greeley eJL âl- » 1964). Significantly greater gains 
were observed when growing pigs were fed diets containing 10% fat than 
when pigs were fed diets containing 5% fat. Differences in gains of pigs 
fed the two fat sources were not significant. 
Feed/gain ratios decreased for baby pigs fed diets containing added 
lard but was unchanged for those on hydrolyzed fat treatments. Feed/gain 
ratio of growing pigi was improved (P < .01) when fat was added to the 
diet. Kennington ej^ £]_. (1958), Wagner et^ ajy (1963), Greeley e^a^. (1964) 
and Brooks (1972) have observed a decrease in feed/gain with increasing 
1 6  
dietary fat level. Older pigs, like baby pigs, had lower (P < .05) feed/ 
gain ratios where lard was the fat source than where hydrolyzed fat was 
used. 
Dietary treatment did not significantly influence feed intake for 
either baby or growing pigs. 
Energy intake per animal was derived from average feed intake and 
calculated metabolizable energy of the diets. Growing pigs consumed 
more energy when the diets contained added fat than when no fat was added. 
Therefore, the increase in gain observed when growing pigs were fed diets 
supplemented with fat was due to an increase in energy consumption. Feed 
or energy consumption by baby pigs was not changed by addition of fat 
to the diets. 
Overall ether extract digestibility (Table 1.3) by baby pigs was 
significantly greater (P < .01) for fat supplemented than for unsupple-
mented treatments. This difference may be explained by the greater pro­
portion of fecal fat being of endogenous origin for pigs fed basal diet 
compared to those fed fat supplemented diets. Frobish al_. (1969, 1970) 
found that fat digestibility increased when fat was added to the diet. 
Ether extract digestibility of lard supplemented diets increased when the 
level of supplementation increased while when hydrolyzed fat was the 
source, digestibility decreased when the level was increased. This re­
sulted In a significant (P < .05) level x source interaction. No signifi­
cant differences in digestibility between lard and hydrolyzed fat were 
found by Frobish e^ al^. (1970). Differences in fat digestibility with 
age were not significant. However, a significant age effect was shown by 
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Cunningham and Brîsson (1955), Eusebio et^ajy (1965), Ewan (1970) and 
Frobish ajy (1970). 
Experiment Two 
When pigs were allowed access to the basal or fat supplemented diets, 
the consumption of diets containing lard or hydrolyzed fat was greater 
(P < .05) than for basal diet (Table 1.4). Consumption of tallow was not 
significantly greater than basal because of much greater consumption of 
basal diet in one replicate than was observed in other replications. 
Preference for fat supplemented diets could be due to physical properties 
of diet imparted by fat or the flavor of the fat in the diet. Duel and 
Movitt (1944) used flavored and unflavored fat in rat diets and found a 
preference for diets containing flavored fat. 
The diet containing lard was preferred to the diet containing 
hydrolyzed fat (P < .05). No significant preference was observed when 
tallow was compared to lard or hydrolyzed fat. No significant differences 
in total gain or feed/gain ratio were observed among comparisons. De­
creased feed intake by baby pigs on fat supplemented diets does not appear 
due to low diet acceptability. 
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SUMMARY 
Total gain and feed/gain were compared where 5 or 10% lard or 
hydrolyzed fat was added to diets of baby and growing pigs. Ether ex­
tract digestibility was also determined for baby pigs. Total gains by 
baby pigs were unaffected by fat source but decreased when the fat level 
was increased from 5 to 10%. Fat source did not significantly influence 
gains by baby pigs. Growing pigs fed the basal diet gained less than 
pigs fed diets supplemented with fat and gains were greater when 10% fat 
was added than when 5% fat was added fat. Total gains by growing pigs 
were not influenced by fat source. 
Lard improved feed/gain ratios of baby pigs while hydrolyzed fat 
did not. Feed/gain ratio of growing pigs was lower where fat was substi­
tuted in the basal diet. A further decrease in ratio was shown when fat 
level was increased from 5 to 10%. Growing pigs on lard treatments had 
lower feed/gain ratios than those fed hydrolyzed fat. Feed intake was 
not significantly influenced by dietary treatment. Energy intake in­
creased where fat was supplemented in growing but not baby pig diets. 
Ether extract digestibility increased significantly when the baby pig was 
fed fat supplemented diets. Ether extract digestibility increased when 
lard was increased from 5 to 10% but decreased when level of hydrolyzed 
fat was increased resulting in a level by source interaction. Fat source 
and age were not significant factors in fat digestibility. 
Six comparisons of two fat sources each were made to measure the 
feed intake of diets containing 10% starch, lard, tallow and hydrolyzed 
fat by baby pigs. When pigs were allowed a choice between the starch basal 
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diet and a diet containing fat, the pigs preferred diets containing lard 
or hydrolyzed fat. Diets containing lard were preferred to diets con­
taining hydrolyzed fat while no difference in intake was observed when 
diets containing tallow were compared to diets containing lard or 
hydrolyzed fat. 
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Table i.l. Composition of basal diets 
Ingredient Experiment 1 Experiment 2 
Baby pig^ Growing pig 
% % % 
Ground yellow corn 53.65 59.80 31.60 
Solvent soybean meal. 
50% protein 26.35 25.20 29.20 
Dried skim mi Ik -  — —  —  —  —  20.00 
Cane sugar 5.00 0.00 5.00 
Corn starch 10.00b 10.00b lO.OOC 
Dicalcium phosphate 1.60 1.60 1.10 
Calcium carbonate 0.70 0.70 0.40 
Iodized salt . 0.50 0.50 0.50 
Trace mineral mixture 0.20 0.20 0.20 
Vitamin-antibiotic premix® 2.00 2.00 2.00 
Total, % 100.00 100.00 100.00 
^Contained 0.25% chromic oxide. 
'^Lard or hydrolyzed fat substituted at 5% or 10% in fat supplemented 
diets. 
''Lard, tallow or hydrolyzed fat substituted at 10% in fat supplemented 
diets. 
"^Contributed in ppm: Mn, 200; Zn. 200; Fe, 200; Cu, 20; Co, 2; 1,6. 
^Provided the following per kilogram of diet: vitamin A, 5501 lU; 
vitamin D2, 1094 lU; riboflavin, 10.6 mg; pantothenic acid, 23.8 mg; 
niacin, 47.5 mg; choline chloride, 154.0 mg; vitamin 812» 44.0 meg; 
chlortetracycline, 110.0 mg; sulfamethazine, 110.0 mg; penicillin, 
55.0 mg and ethoxyquin, 150 mg. 
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Table 1.2. Performance of pigs on experiment one 
Supplemental fat, % 10 
Hydro-
lyzed 
fat Lard 
Hydro-
lyzed 
fat Lard 
Baby pigs 
Growing pigs®'' 
Baby_pi9S_ 
Growing pigs 
Baby pigs 
Growing pigs 
Baby pigs 
Growing pigs 
Total gain, kg 
13 .6  
32.9 
13.6 
35.3 
14.5 
35.2 
11.8 
35.4 
Feed/ga î n 
1.92 
2.70 
1.96 
2 .52  
1.82 
2.48 
1.90 
2.42 
Feed consumption, kg/pig 
26.0 
89.4 
74.8 
254.0 
26.0  
88 .8  
25.3 
86.0 
22 .2  
85.6  
Energy intake, meal/pig 
79.6 
273.5 
77.2 
264.6 
73.0 
283.6 
13.0 
38.2 
1.71 
2.30 
22.2  
86.0 
73.0 
284.9 
^Significant (P < .05) difference 
''significant (P < .01) difference 
'^Significant (P < .01) difference 
'^Significant (P < .05) difference 
^Significant (P < .01) difference 
between 5% and 10% supplemental fat. 
between 5% and 10% supplemental fat. 
between basal and supplemental fat. 
between hydrolyzed fat and lard, 
between hydrolyzed fat and lard. 
Table 1.3. Apparent ether extract digestibility for baby pigs on experiment one 
Supplemental fat, % 0 5 10 
Hydrolyzed 
fat 
Lard Hydrolyzed 
fat 
Lard Avg 
Age, days 
23 43.29 58.27 66.68 50.00 67.44 57.13 
37 69.87 82.40 86.66 82.25 87.79 81.80 
58 71.23 79.78 84.96 80.48 90.92 81.47 
Avg^'^ 61.46 73.48 79.43 70.91 82.05 — — — 
M 
^Significant (P < .01) fat effect. 
''significant (P < .05) source x level interaction. 
Table 1.4. Feed consumption, total gain and feed/gain for pigs on experiment 2 
Compari son 
Basal 
Intake as 
Lard 
percent of 
Tallow 
total 
Hydrolyzed 
fat 
Total 
gain, kg 
Feed/gain 
Basal vs lard® 9.0 91.0 - - - - - - 8.10 1.36 
Basal vs hydrolyzed fat® 28.0 - - - — - - 72.0 8.44 1.39 
Basal vs tallow 25.0 - - - 75.0 --- 7.94 1.42 
Lard vs hydrolyzed fat® — - - 77.0 — - - 23.0 7.98 1.40 
Lard vs tallow - - - 41.0 59.0 - - - 8.73 1.41 
Tallow vs hydrolyzed fat — - — 65.0 35.0 7.37 1.44 
^Significant (P < .05) difference between fat source. 
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SECTION I I 
EFFECT OF AGE AND CALORIE-PROTEIN RATIO 
ON PERFORMANCE AND BODY COMPOSITION OF BABY PIGS 
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INTRODUCTION 
An energy rich starter diet must replace sow milk, which contains six 
to nine percent fat (Perrin, 1954; DeMan and Bowl and, 1963; Wagner et al., 
1963; Holme, 1969), to maintain rapid growth during the postweaning peri­
od. Fat has been added to postweaning diets to increase energy density 
but did not affect gains by pigs weaned at 2-3 weeks of age (Peo et al., 
1957; Asplund, Grummer and Phillips, I960; Eusebio e^ a^., 1965; Frobish 
e^ , 1969). When energy density is increased feed intake decreases 
since pigs tend to consume diet to meet their energy requirement. Reduced 
feed intake also reduces intake of nonenergy components. With fat 
supplemented diets protein intake may be insufficient to allow full 
utilization of calories (Frobish ^ aj^. , 1969) since the protein require­
ment has been shown to increase as calorie density increased (Sewel1, 
Thomas and Price, 1961; Clawson e_t £l_., 1962; Manners and McCrea, 1963; 
Anderson and Bowl and, 1967; Allee, Baker and Leveille, 1971). High 
energy diets tend to produce fatter carcasses and more energy per unit 
body weight gain than do lower energy diets (Barrick et al., 1953; Lloyd, 
Crampton and MacKay, 1957; Lowrey et al., I963). Composition of gains 
should be known to determine the efficiency of energy utilization and 
study the influence of protein intake. Pigs six weeks of age or older 
appear to utilize energy from fat while early weaned pigs can not (Lloyd, 
Crampton and MacKay, 1957; Cunningham and Brisson, 1955; Eusebio et al., 
1965; Frobish et_ al_., 1970). However, the age at which significant 
utilization of fat begins is unclear. Examination of weekly gains and 
feed efficiencies, and periodic determination of ether extract 
26 
digestibility may reveal when fat can be used as a dietary energy source. 
The experiment reported here was designed to determine if low protein 
intake limits fat utilization in the young pig. Lard was substituted at 
two levels for an equal amount of cane sugar in diets so the calorie-
protein ratio increased or remained constant. This treatment arrangement 
permitted evaluation of protein effect on gain, feed/gain ratio and 
digestibility of fat and protein by pigs at four and six weeks of age. 
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EXPERIMENTAL PROCEDURE 
Twelve groups of six Poland China x Yorkshire x Landrace 1ittermates 
were weaned and fed an 18% protein corn-soybean meal starter diet for a 
two-day adjustment per iod.  The twelve l l t termate groups averaging 17.6 
days of age and 4.45 kg. body weight were randomly divided into two main 
plots of six llttermate groups in a split plot design. Animals in one 
main plot were slaughtered after two weeks on experiment while the animals 
in the remaining plot were slaughtered after four weeks. Littermates, 
within a group, were randomly assigned to six treatments; an initial 
slaughter for comparison of carcass parameters and five dietary treatments. 
Pigs were individually fed in rectangular pens with raised expanded metal 
floors allowing collection of excreta. The pigs had free access to feed 
and water. 
Experimental diets (Table 2.1) were formulated to compare increasing 
calorieiprotein ratios by increasing levels of lard in a basal diet and 
constant calorie:protein ratios by addition of lard and protein. Constant 
ratios of corn, soybean meal, methionine and lysine were used in all diets 
to maintain protein quality. The basal diet (#1) contained 20% protein 
and 2885 kcal/kg of metabolizable energy (ME) as calculated using the 
values of Diggs et al. (1965). Lard was substituted for cane sugar in 
diets two and three and contained 3250 and 36l4 kcal/kg ME, respectively. 
Calorie:protein ratios for diets one, two and three respectively were 
13.8, 15.6 and 17.3 (kcal/g protein). Diets four and five had the same 
calorie:protein ratio as diet one but the same energy levels as diets 
two and three respectively. Lysine and methionine per kilocalorie 
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satisfied minimum requirements set by N.R.C. (1968). 
Animals were weighed weekly and feed consumption was determined 
after accounting for wastage. On the tenth day of the experiment, litter-
mates designated to be killed after two weeks on experiment were fasted 
for about ten hours. Following the fasting period, a single meal of 
diet containing 4.76% ferric oxide was fed to measure rate of passage of 
ingesta. Following marked meals normal feed was provided ad 1ibiturn. 
When ferric oxide appeared in fecal material total collections were made 
every eight hours until disappearance of red color. Rate of passage was 
the time at which 95% of excreted iron appeared in feces. Total collections 
were made daily after the ferric oxide disappeared. Collections were 
made for 96 hours after fi rst appearance of the marker. At each 
collection the feces were weighed and a portion was dried in a forced air 
oven at 90-95 degrees centigrade until dry and ground through a 20 mesh 
screen in a Wiley mill. Following the last fecal collection animals were 
removed from the pen, weighed, immobilized by electrical shock and killed 
by bleeding. The head was removed at the atlas followed by removal of 
thoracic and abdominal viscera. The empty warm carcass was weighed to 
determine dressing percentage. Empty carcasses were stored at -20 degrees 
centigrade until preparation for chemical analysis. This same procedure 
was applied to the group removed after four weeks on experiment except 
collection period was initiated the 21st day of the experiment and con­
tinued for 120 hours after the appearance of the marker. The same tech­
nique was used to slaughter the littermate at the start of the experiment. 
Frozen carcasses were weighed and prepared for chemical analysis by 
29 
cutting the carcass Into small pieces. The pieces were ground three 
times, once through a l8mm die and twice through a 4mm die. Crushed, 
dry ice was added each time to decrease loss of water and chemical 
constituents. Ground tissue was thoroughly mixed after each grinding and 
6 to 10 random samples were taken to obtain a composite of approximately 
300 grams. Dry matter determinations (95-100*C for 96 hours) were made 
on fresh collected tissue samples with the remainder being stored at -20°C 
until lyopholyzation. The carcass material was lyophllyzed and ground 
through a 20 mesh screen for chemical analysis. 
Crude protein (% N X 6.25) was determined on carcass and fecal 
material by Technicon Auto Analyzer automatic kjeldahl. Crude protein of 
feed was determined by micro-kjeldahl. Ether extract of feed and fecal 
material was determined by extracting the sample for 4 hours on a Goldfinch 
extractor with acid ether (90% anhydrous ether and 10% glacial acetic 
acid). Carcass tissue was extracted with anhydrous ether only. Carcass 
material was ashed at 350°C for 3 hours followed by heating at 600°C for 
3 hours. Iron concentrations of fecal samples were measured by atomic 
absorption spectrophotometry after wet ashing with nitric and perchloric 
acids. Statistical analyses were done by the least squares procedure of 
Harvey (I960). 
30 
RESULTS AND DISCUSSION 
A summary of average daily gains, feed efficiency and feed consump­
tion is shown in Table 2.2. Values from period one are not reported due 
to extreme variation during this period. Added fat significantly (P < .05) 
decreased average daily gain during period two with the depression being 
greater (P < .05) at the high fat level than the medium level. A highly 
significant linear decrease in rate of gain was observed where calorie to 
protein ratio increased with supplemental fat. Rate of gain was not 
significantly depressed where the ratio was constant with increased fat 
level as shown by Peo et al. (1957), Sewell e^ al_. (1961), Kuryvial, 
Bowl and and Berg (1962), Lowe ry et al. (1962) and Standish and Bowland 
(1967). Added fat decreased gain less during period three than in period 
two and had no effect during period four. Trends for periods three and 
four were similar to those observed with older animals (Asplund, Grummer 
and Phillips, I960; Wagner et^ aj^., 1963). Rate of gain averaged over the 
last three periods was significantly (P < .05) decreased when fat level was 
increased from medium to high levels. 
During period two feed/gain ratio was not significantly effected by 
added fat but during period three there was a significant (P < .05) de­
crease in feed/gain with added fat. Supplemental fat has been shown to 
result in large feed/gain ratios prior to two weeks of age (Manners and 
McCrea, 1963), to have no effect between two and four weeks and to de­
crease feed/gain ratios from four to six weeks (Ewan, 1970) consistant 
with findings of the present study. The decrease in feed/gain ratios 
during the last two periods is similar to what occurs In older pigs where 
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dietary energy level is elevated (Kennington, Perry and Beeson, 1958; 
Pond, Kwong and Loosli, I960; Clawson ej^ aj_., 1962; Wagner a].-. 1963). 
Feed/gain ratios in period two tended to increase with increased calorie 
to protein ratio but were constant where energy and protein were increased. 
Peo et_ £]_. (1957)1 Sewell al_. (1961) and Kuryvial £]_• (1962) have 
shown that in the presence of fat, feed/gain ratios decreased when protein 
levels were increased or where protein quality was improved (Lowrey et al., 
1963). Feed/gain ratios during periods three and four were not affected 
by dietary protein level. Feed/gain ratios over the last three periods 
indicate there is a benefit from added fat (P < .01) and further advantage 
(P < .05) increasing the level from 7.5 to 15% . 
Examination of gain and feed efficiency values during period three 
or four shows an opposite trend compared to period two when fat was 
supplemented. Poor performance during the first two weeks of an experi­
ment may be offset by greater performance during the last two periods so 
overall values do not reflect early fat utilization. Studies reporting 
no decreased performance from supplemental fat for baby pigs have listed 
results for the entire experimental period (Sewell et al., 1961; Eusebio 
e^ aj_., 1965; Anderson and Bowl and, 1967; Standish and Bowl and, 1967; 
A1 lee et_ al_., 1971). 
Feed consumption decreased in all periods reported when fat was 
added due to increased energy density as was shown by Kennington et al. 
(1958), Pond e^ aj_. (i960), Clawson e^ aj_' (1962), Kuryvial £!_• (1962) 
and Ewan (1970). Less feed was consumed at the high fat level than at 
the medium level for all periods reported. Within each fat level feed 
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intake was decreased as the protein level increased although the differ­
ences were not significant. No significant differences were observed for 
average daily energy intake among treatments during the three periods as 
observed by Ewan (1970). 
Ether extract digestibility was the only digestibility parameter 
listed in Table 2.3 which was significantly influenced by diet. Fat 
digestibility was enhanced (P < .01) by fat additions as reported by 
Clawson £]_• (1962), Lowery et^ a1_. (1962), Ewan (1970) and Frobish et^ 
al. (1970). Further improvement was observed by increasing the fat level. 
Endogenous fecal fat as a percent of fat intake was much lower where fat 
was supplemented resulting in improved apparent ether extract digesti­
bility found by Cunningham and Brisson (1955) and Eusebio £]_• (1965). 
Fat digestibility has generally been found to increase with age 
(Cunningham and Brisson, 1955; Lloyd e^ aj[., 1957; Frobish et al., 
1970). In the present study, digestibilities were significantly (P < .05) 
greater at six than four weeks of age which in conjunction with improved 
gain and efficiency on fat supplemented diets indicates fat utilization 
increases during periods three and four. Performance data by Hartman 
e^ £l_. (1961) demonstrate increased fat utilization begins during the 
fourth week of life coincidental with a positive inflection in the growth 
curve of early weaned pigs fed a corn-soybean meal starter diet. In­
creased performance during period three and four may be a function of 
physiological adjustments due to age or time after weaning rather than 
the presence of fat. 
Sewell £l_. (1961) has shown improved response to fat where 
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purified diets were used. Protein digestibility has been shown to increase 
with age in this (P < .05) and other studies (Cunningham and Brisson, 
1955; Lloyd et al., 1957; and Anderson and Bowl and, 1967) suggesting that 
available protein would be advantageous immediately after weaning when 
the digestive enzyme systems are developing (Hartman al_., 1961). Pro­
tein digestibility was not affected by fat level as also shown by 
Cunningham and Brisson (1955), Clawson a]_. (1962), Lowery £]_• (1963). 
Anderson and Bowl and (1967) and Standish and Bowland (1967). 
Dry matter digestibility was not significantly altered by dietary 
treatment, however, increased (P < .01) digestibility was found with 
increasing age which paralleled the effects of protein and ether extract. 
Rate of passage was determined in the present study to evaluate its 
influence on fat digestibility; however, individual animal variation 
was large so treatment differences were not observed. Variability may 
have been reduced by a shorter collection interval prior to and during 
marker appearance, although it is doubtful that a relationship exists 
between rate of passage and ether extract digestibility in fat supple­
mented diets since Castle and Castle (1956) failed to show a relationship 
between excretion time and dry matter digestibility. 
Percent carcass fat (Table 2.4) was significantly (P < .01) greater 
at two weeks of age than at four and six weeks. Increased percent fat at 
six weeks of age over four weeks was not statistically significant. Dietary 
fat level did not significantly affect carcass percent fat. However, in­
creased protein level resulted in leaner carcasses especially at the 3561 
kcal/kg level (P < .05) which is consistent with greater nitrogen retention 
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where protein quality was most desirable (Lowrey £t aj_., 1963; 
Anderson and Bowl and, 1967). The influence of protein on reducing carcass 
fat has previously been observed (Wagner e^ a]_., 1963) and appears similar 
regardless of the age of animal. 
Carcass fat and dry matter have been shown to be directly related 
(Lowrey e^ al^., 1963). Dry matter was significantly (P < .01) greater for 
the initial slaughter group than for those on experiment. Significantly 
(P < .05) greater dry matter percentages were found for the pigs at six 
weeks of age than at four weeks which paralleled increased fat storage. 
Animals slaughtered initially had a greater dressing percent (P < .01) 
than those subjected to dietary treatments reflecting a greater percent 
carcass dry matter. Dressing percentages were significantly greater for 
animals slaughtered at six than at four weeks of age which can be attribu­
ted to a fatter carcass as reported by Kuryvial e^ aj.- 0962) and Wagner 
Gt al. (1963). Carcass protein or ash were not significantly influenced 
by either age of animal or dietary treatment. 
Since fat supplementation has been shown to alter composition of gain 
conclusions about caloric utilization are difficult to make. Energetic 
efficiency expressed as caloric gain per calories consumed may be calcu­
lated from energy intake and carcass energy gain while on experiment. 
Differences between protein and ether extract estimated initially from 
determined littermate body composition, and that observed at the end of 
experimental period permits the calculation of composition of gain. 
Energy gain was calculated assuming protein gain contained 5.65 kcal/g 
and that fat gain contained 9.40 kcal/g (Crampton and Lloyd, 1959). The 
35 
assumptions were made that body composition of littermates at weaning was 
uniform and that changes in visceral composition are proportionate to 
those of the empty carcass. 
Caloric efficiency values for periods one through four were signifi­
cantly (P < .05) greater than those during the first two periods (Table 
2.5). More feed energy was retained during periods one through four be­
cause deposition increased. Variability during the first two periods was 
great making statistical significance among treatments difficult to 
demonstrate. A narrower ca1orie:proteln ratio caused more energy to be 
used for protein synthesis and less for storage. Leaner carcasses from 
high protein treatments caused lower energetic efficiency values; how­
ever, no significant differences due to dietary treatment were observed. 
Energetic efficiency has been shown to be unaffected by Increased dietary 
energy density for the pig (Cunningham and Brisson, 1955) and the rat 
(Hoagland, Snider and Swift, 1952). 
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SUMMARY 
Twelve groups of six littermates each were randomly alloted to six 
treatments, an initial slaughter and five dietary treatments, to study 
the effect of dietary protein on fat utilization. Depressed feed intake 
from added fat was accompanied by low gains during the second week of 
the experiment resulting in similar feed/gain ratios. During the third 
and fourth week of the experiment gain increased and feed/gain ratio was 
improved. Protein, dry matter, and ether extract digestibility were 
greater at six weeks than at four weeks of age but only ether extract 
digestibility was influenced by dietary treatment. Rate of food passage 
and percent carcass protein or ash were unaltered by age or dietary 
treatment. Percent carcass fat decreased between two and four weeks of 
age followed by an increase between four and six weeks. Fat supplementa­
tion increased carcass fat producing greater energy per unit body weight. 
No difference due to fat supplementation was observed in energy gained 
per energy consumed. Increased protein with fat tended to decrease the 
fat stores but did not alter energetic efficiency. From an energy basis 
the baby pig appears to utilize calories from fat as well as those from 
carbohydrate and the efficiency Increases with age. 
37 
Table 2.1. Composition of diets 
Ingredient 4 5 
% % % 
Ground yellow corn 33.39 36.28 39.65 
Soybean meal, 48.5% protein 35.19 38.26 41.81 
Cane sugar 27.02 13.52 - - -
Lard — — — 7.50 14.06 
Dicalcium phosphate 2.20 2.20 2.20 
Iodized salt 0.50 0.50 0.50 
Calcium carbonate . 0.60 0.60 0.60 
Vltamin-antiblotic premix 0.48 0.48 0.48 
Trace mineral mix^ 0.20 0.20 0.20 
Lys i ne 0.21 0.23 0.25 
Methionine 0.21 0.23 0.25 
Total, % 100.00 100.00 100.00 
^Lard substituted for cane sugar at 7.5 and 15.0% for diets two and 
three respectively. 
^Provided the following per kg of diet: vitamin A, 5,500 lU; vitamin 
Dg, 1,093; riboflavin, 15.8 mg; pantothenic acid, 31.7 mg; niacin, 
75.7 mg; choline, 79.0 mg; vitamin B]2» 44 meg; chlortetracylIne, 
110 mg; sulfamethazine, 110 mg; penicillin, 55.2 mg; ethoxyquin, 
150 mg. 
^^Contributed In ppm: Mn, 200; Fe, 200; Cu, 20; Co, 2; I, 6 and Zn, 
200. 
38 
Table 2.2. Performance data by periods 
Diet 
ME, kca1/kg 
Ca1orie:protein, 
kcal ME/g 
1 
2885 
13.82 
2 
3250 
15.56 
3 
3614 
17.31 
4 
3246 
14.30 
5 
3561 
14.63 
Period® Avg daily gain, 9 
gbdf 318 297 205 278 237 
3 448 442 417 452 398 
532 549 487 539 532 
2+3+4° 426 422 367 421 365 
Feed/gain 
2 1.03 1.06 1.20 1.00 1.01 
3C 1.42 1.26 1.13 1.22 1.10 
4 1.38 1.23 1.14 1.29 1.01 
2+3+4cd 1.39 1.21 1.16 1.21 1.09 
2cd 
Avg daily feed. 9 
307 305 230 274 218 
3ce 643 550 464 541 428 4™ 719 652 539 659 536 
2+3+4ce 592 510 423 504 395 
Avg daily energy intake, kcal 
2 886 993 798 891 791 
3 1838 1791 1679 1759 1553 
4 2131 2121 1951 2140 1946 
2+3+4 1696 1658 1531 1639 1434 
^Weeks on experiment. 
' 'significant (P < .05) lard effect. 
^Significant (P < .01) lard effect. 
^Significant (P < .05) effect of level of lard. 
^Significant (P < .01) effect of level of lard. 
^Significant (P < .01) linear effect of diets 1,2 and 3. 
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Table 2.3. Fat, protein, dry matter digestibility and rate of passage by 
pigs at four and six weeks of age 
Diet 
1 2 3 4 5 
ME, kcal/kg 2885 3250 361A 3246 3561 
Calorierprotein, 
kcal ME/g 13.82 15-56 17.31 14.30 14.63 
Avg 
a Age, wk Ether extract digestibility, %' 
4^ 54.53 75.34 79.40 73.40 78.13 71.91 
6 62.44 89.83 88.14 89.04 89.13 84.45 
Protein digestibility, 
4 76.55 78.53 77.73 77.64 78.95 77.89 
6 81.33 85.38 84.42 83.42 82.74 83.54 
Dry matter digestibility, 
4 87.35 86.60 84.46 85.05 83.94 85.52 
6 90.44 90.14 88.55 89.51 87.57 89.20 
95% excretion time, hrs 
4 53.4 47.9 57.8 53.3 50.9 52.7 
6 37.1 45.8 45.7 49.0 70.8 49.7 
^Significant age effect (P < .05). 
''significant age effect (P < .01). 
^Significant (P < .01) lard effect. 
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Table 2.4. Carcass composition® and dressing percent of pigs at four and 
six weeks of age 
ME, 
kcal/kg 
Calorie: 
protein, 
kcal ME/g 
Initial^ 
Diet 
Avg 1 
2885 
13.82 
2 3 4  
3250 3614 3246 
15.56 17.31 14.30 
5 
3561 
14.63 
Age, wk cd Ether extract, % 
4 15.95 10.31 11.45 12.29 10.83 10.29 11.84 
6 13.10 11.96 14.08 14.28 12.92 12.28 13.14 
Protein, % 
4 15.54 14.34 14.45 14.86 14.70 15.03 14.84 
6 15.28 16.11 15.90 15.22 15.63 15.40 15.58 
Ash, % 
4 2.56 2.64 2.49 2.68 2.53 2.56 2.57 
6 2.64 2.66 2.54 2.52 2.62 2.43 2.56 
Dry matter, 
4 33.51 28.23 29.19 30.08 28.47 28.49 29.65® 
6 30.81 30.79 32.32 31.96 31.11 30.13 31.20 
Dressing percent^ 
4 69.82 52.89 54.06 53.85 54.12 56.62 56.98^ 
6 66.64 61.66 61.37 58.42 61.49 59.63 61.53 
^Expressed on wet weight basis. 
Slaughtered at experiment initiation, 18 days of age. 
^Initial significantly (P < .01) different from animals at end of 
trial. 
''oiet 3 vs 5 significant (P < .05). 
^Significant age effect (P < .05). 
^Significant age effect (P < .01). 
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Table 2.5. Estimated energy retention 
Diet 
-T 2 3 5 5 Avg 
ME, kcal/kg 2885 3250 3614 3246 3561 
Calorîetprotein, 
kcal ME/g 13.82 15.56 17.31 14.30 14.63 
Period 
1 - 2 0.008 0.179 0.117 -0.028 -0.023 0.051® 
1 - 4 0.469 0.527 0.492 0.444 0.454 0.477 
^Significant (P < .05) period effect. 
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SECTION III 
EFFECT OF WEANING AND AGE AT WEANING 
ON BABY PIG PERFORMANCE 
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INTRODUCTION 
After weaning at 2 (Smith and Lucas, 1957), 7 (Hartman e^ aj^., 1961), 
10 (Lucas, Calder and Smith, 1959) or 14 days (Ewan, 1970) of age, pigs 
gain slower than pigs that are not weaned. The reduced rate of gain 
after weaning may be because the digestive tract is not developed ade­
quately to utilize the nutrients provided by the starter diet. The di­
gestibility of fat (Cunningham and Brisson, 1955; Frobish ej^ al_., 1969; 
Eusebio e^ al_., 1965; Ewan, 1970) and protein (Anderson and Bowland, 1967; 
Lloyd, Crampton and MacKay, 1957) have been observed to increase with age 
after weaning which may suggest greater digestive enzyme activity (KItts 
e^ a^., 1956). Hartman e^ (I96I) observed that pancreatic lipase 
activity and rate of gain increase at similar times after weaning. The 
reduced rate of gain after weaning may also be affected by the stress of 
weaning. 
This study was conducted to determine the effect of age at weaning on 
the rate of gain, feed intake and ether extract digestibility of pigs fed 
a diet containing 15% fat. 
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EXPERIMENTAL PROCEDURE 
Pigs from 20 litters were weighed at birth and weekly thereafter 
until the end of the experiment. Pigs were allowed free access to creep 
feed during the preweaning period. One pig was selected on the basis of 
body weight at 2, 3 and 4 weeks of age and removed from the litter. Litter 
size following the second and third week weaning was maintained to sustain 
milk production. All pigs were weaned following the fourth week of 
lactation. 
After weaning, the pigs were housed individually in pens with raised 
expanded metal floors to facilitate fecal collection. Feed was provided 
in self feeders and water was supplied by automatic waters. All pigs re­
ceived a diet (Table 3.1) containing 20% protein and 15% lard during the 
four-week postweaning period. Feed intake was determined weekly after 
accounting for waste feed loss. Chromic oxide was included in the diet 
for determination of apparent ether extract digestibility. Fecal samples 
were collected at 3, 10, 17, and 24 days after weaning. 
Fecal samples were dried in a forced air oven at 55°C. Feed and fecal 
samples were ground through a 20 mesh screen by a Wiley mill. Samples 
were extracted for 9 hours with anhydrous ether on a Goldfinch extractor. 
Chromium determinations were made by atomic absorption spectophotometry 
after samples were wet ashed by perchloric and nitric acids. Data were 
analyzed by Least Squares Statistical Analysis (Harvey, I960). 
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RESULTS AND DISCUSS IOM 
Growth patterns shown in Figure 3.1 were similar for the three groups 
prior to weaning. Body weight nearly doubled during each of the first two 
weeks. Weaning weight significantly (P < .01) increased with age at 
weaning indicating rapid growth. Postweaning gains for each weaning 
group occurred after a one week lag period as found by Lucas, Calder and 
Smith (1959). Gains after weaning improved rapidly with older weaning 
age while weaning at the younger age resulted in a slow increase. This 
resulted in a significant age by week interaction. Between 1 and 4 weeks, 
postweaning gains were greater for pigs weaned at an older age. Chung 
and Chung (1971) observed an inferior rate of gain by pigs weaned before 
20 days when compared to the rate of pigs weaned at 25 to 30 days. Body 
weight at six weeks of age was not significantly different for the groups 
weaned at different ages. Lucas, Calder and Smith (1959) observed that 
pigs weaned at 10 to 56 days reached 23.2 kg. body weight at nearly the 
same age. 
The average daily feed intake values increased following weaning as 
shown in Table 3.2. Weaning at two weeks of age caused feed intake to 
rise slowly while weaning at 4 weeks produced a rapid rise in feed intake. 
During the 3rd and 4th week postweaning feed intake was significantly 
greater as age at weaning increased from 2 to 4 weeks. Feed intake is 
closely associated with energy intake since the same diet was fed to each 
weaning group. Age at weaning did not significantly influence ether 
extract digestibility. However, digestibility increased significantly 
with time after weaning. Since digestibility is similar among weaning 
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groups, weight gain differences may be attributed to differences in feed 
intake. Meade, Dukelow and Wass (1964) have also suggested low feed intake 
was responsible for low gains following weaning. 
Kleiber (1961) reported maximum daily energy intake per unit 
physiological size was constant and independent of body size. Energy 
for maintenance is constant per unit of physiological size suggesting 
that a reduction In total energy intake reduces energy available for 
weight gain. Using the estimated metabolIzable energy (ME) contant of 
the diet, the feed intake was expressed as ME intake per unit of body 
weight to the 0.75 power (Table 3.2). 
Energy Intake by each weaning group significantly (P < .01) Increased 
with time after weaning. During the first week after weaning ME/kg"^^ 
was low for all weaning groups. However, during the second week post­
weaning energy values significantly increased with age at weaning. Energy 
intake was more nearly maximized during week 2 as weaning age increased 
from 2 to 4 weeks. After week 2 energy Intake was similar for all 
weaning groups. 
Average daily gain and average daily feed may be considered a function 
of weaning weight. Smith and Lucas (1957) found weaning weight had no 
effect on weight gains by pigs weaned at 2 days of age. Pigs weaned at 
greater weights may adapt to postweaning environment quicker than those 
weaned at lower weights. A less severe check of weight gains results. 
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SUMMARY 
Pigs from twenty littermate groups of three were weaned at either 2, 
3 or 4 weeks of age to determine the effect of weaning and age at weaning 
on gain, feed intake and ether extract digestibility. Feed intake and 
rate of gain improved more rapidly as weaning age increased from 2 to 4 
weeks. Energy intake per unit of physiological size was maximized after 
a low during week one. Intake during the second week increased with age 
at weaning. Ether extract digestibility increased with time after 
weaning but was not significantly influenced at age at weaning. Increased 
age at weaning enhances adaptability to postweaning environment resulting 
in less severe weight gain depression. 
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Table 3.1. Composition of diet 
Ingredient % 
Ground yellow corn 42.38 
Solvent soybean meal, 50% protein 33.50 
Lard 15.00 
Cane sugar 5.00 
Dicalcium phosphate 1.35 
Calcium carbonate 0.84 
Iodized salt 0.50 
Vitamin-antibiotic premix® 0.48 
Trace mineral mix 0.20 
Chromic oxide 0.25 
Methionine 0.30 
Lysine 0.20 
Total, % 100.00 
^Provided the following per kilogram of diet: vitamin A, 5,276 lU; 
vitamin Dg, 1,102 lU; riboflavin, 6.6 mg; pantothenic acid, 17.6 mg; 
niacin, 35.9 mg; vitamin B]2, 22 meg; chlortetracycline, 110 mg; 
sulfamethazine 110 mg; penicillin, 55 mg; ethoxyquin, 150 mg. 
'^Contributed in ppm: Zn, 400; Fe, 323; Mn, 118; Cu, 2.2; Co, 2; 1,3. 
Figure 3.1. The effect of age at weaning on body weight 
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Table 3.2. Performance data of pigs weaned at two, three and four weeks 
of age 
Weeks postweaning 
weaning, 
wk 1 2 3 5 
Avg daily feed intake, g 
2 95.0 213.8 363.474.8^ 
3 138.1 315.1 488.4 641.9 
4 154.2 409.6 597.8 762.4 
Avg daily gain, g^ 
2 -38.3 124.0^ 287.9^ 359.4^ 
3 -24.8 233.5 394.8 516.9 
4 3.4 306.8 492.0 564.1 
Ether extract digestibility, % 
2 77.75 75.25 79.49 86.20 
3 77.63 75.04 84.13 86.97 
4 69.01 75.65 80.60 88.10 
Metabolizable energy intake per unit metabolic size, kcal 
2 118.3 249.2^ 346.0 355.5 
3 138.3 280.6 350.4 363.1 
4 128.4 305.9 359.0 371.8 
^Significant (P < .01) week effect for all ages and measures. 
^Significant (P < .01) age x week interaction. 
^Significant (P < .01) age effect within week. 
^Significant (P < .05) age effect within week. 
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GENERAL DISCUSSION 
Studies with baby pigs between 5 and 10 kg body weight (Eusebio 
et al_., 1965; Frobish et , 1970) did not show improved performances by 
baby pigs fed fat supplemented diets. Other (Wagner e^ aj_., 1963; 
Greeley et al., 1964) studies have shown fat caused greater and more 
efficient gains by pigs between 20 and 40 kg. In this study fat was fed 
to both baby and growing pigs in similar diets under similar conditions 
and gains were increased for growing pigs but not baby pigs. This clearly 
demonstrated that the difference between baby and growing pig performance 
was not an artifact of independent studies. 
The pig consumes feed to meet his energy requirement which suggests 
that feed intake decreases as energy density increases (Manners and 
McCrea, 1963). The energy intake by pigs between 8 and 15 kg body weight 
was not changed when fat was added to the diet while pigs fed supplemental 
fat between 20 and 40 kg consumed more energy and gained more than pigs 
fed the diet without added fat. The reduced energy intake by baby pigs 
probably caused the low rate of gain observed for this size pig. The 
reduced intake did not appear to be due to poor acceptability, since pigs 
allowed a choice consumed diets with added fat in greater quantities than 
diets without supplemental fat. 
Factors influencing digestibility have been extensively studied with 
pigs fed diets containing supplemented fat. Frobish ^ (1969) has 
demonstrated that emalsification of fat or the addition of emulsifiers 
to the high fat diet had little effect on performance and digestibility. 
Pancreatic lipase activity was found to be adequate for fat digestibility 
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(Frobish a^., (1971). When dietary fat is Increased, endogenous fat 
becomes a smaller percentage of fat excreted resulting in a greater 
apparent fat digestibility. Little work Is available to evaluate the true 
digestibility of fat. 
The ability to metabolize fat may limit effective energy utilization 
by baby pigs. Decreased consumption of high energy diets results in 
lower intake of other nutrients. Protein was not found to be limiting 
fat utilization since with good quality protein, similar gains were 
observed when protein level remained constant or increased In proportion 
to energy density. Thus, a decrease In protein Intake does not explain 
the depression of gains observed with supplemental fat. Allee et al. 
(1971) reported similar gains at constant calorleiprotein ratio when 
level of supplemental fat increased. 
increasing the level of dietary fat reduces the activity of lipogenic 
enzymes and increases the plasma fatty acid levels (Allee e^ a^., 1971) 
causing fat to be shunted to storage. Supplemental fat caused increased 
carcass fat in this study and In other studies with growing-finishing pigs 
(Pond, Kwong and Loosli, I960; Bowl and and Berg, 1959; Kuryvial et al., 
1962). As the amount of fat stored increases, the energy content per unit 
weight gain Increases suggesting that energy retention may be more 
meaningful criteria than weight gain. Energy retention was not Influenced 
by added fat but increased with age. 
Weaning exerts a significant stress on pigs and results in a re­
duction in rate of gain for 1 to 2 weeks after weaning for pigs weaned at 
2, 3 and 4 weeks of age. Low gains have been observed following weaning 
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for pigs weaned at 2 (Smith and Lucas, 1957), 7 (Hartman e^ £l_., 1961), 
10 (Lucas, Calder and Smith, 1959) or 14 (Ewan, 1970) days of age. 
During the period when gains are low, feed and energy intake is also low 
and the pig metabolizes his energy stores. This was demonstrated by the 
studies reported in Section II of this thesis where the ether extract 
of the carcass decreased during the first 2 weeks of the experiment. 
Increasing the time pigs were allowed to suckle decreased the 
period of reduced gains. The more rapid recovery from weaning by the 
pigs weaned at an older age was not due to greater digestive development 
since ether extract digestibility was not influenced by age at weaning. 
The more rapid improvement in gain with older age at weaning, however, was 
caused by a greater feed intake. Older pigs may be accustomed to a solid 
diet during lactation by eating creep and sow diet to meet energy needs. 
Thus the transition to postweaning diets may be easier for the older pig 
than for the younger pig. 
Results for the total experimental period may not reflect performance 
during early phases of the experiment since a poor response early in the 
test may be compensated for as the pig becomes adapted to the diet. 
Supplemental fat decreased early gains in Section II but had no effect 
later. Results from most studies with supplemental fat have been reported 
for the entire experimental period. 
Studies where performance was decreased due to added fat involved 
studies with pigs weaned at 2 weeks and fed for an experimental period 
of 28 days. The period of low performance following weaning constitutes 
about half the experimental period. The studies where fat showed no 
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decrease in performance involved pigs weaned at an older age or extended 
experimental periods. The greater age at weaning causes a more rapid 
improvement in performance. This plus the growth check period being a 
smaller portion of the experimental period may account for the lack of 
detrimental effect of fat. Energy retention was shown to increase with 
age suggesting the older animal will also be more effective in utilizing 
energy. 
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SUMMARY 
Four studies involving Yorkshire x Landrace x Poland China pigs were 
conducted to evaluate the utilization of fat as an energy source for pigs. 
The addition of fat to diets for pigs weaned at 2 weeks of age had little 
effect on gains while enhancing gains for pigs between 15 and 60 kilograms. 
Constant or increased protein level in proportion to energy density did 
not significantly increase gains by early weaned pigs. Gains were low 
during the first week after weaning but increased for 3 weeks thereafter. 
The postweaning improvement for rate of gain was more rapid for pigs 
weaned at 4 than at 2 weeks. 
Fat did not affect feed intake of growing pigs while lowering that 
by pigs between 4 and 6 weeks of age. However, increasing or holding the 
calorie to protein ratio constant when fat was added did not change feed 
intake. Feed intake was depressed the first week after weaning but in­
creased thereafter. The rate of Improvement of feed intake was more 
rapid as age at weaning increased from 2 to 4 weeks. Supplemental fat 
increased energy intake by pigs above 23 kilograms while having no effect 
on that by early weaned pigs. 
Increased energy density decreased the feed/gain ratio by pigs be­
tween 4 and 6 weeks of age and for pigs between 23 and 60 kilograms body 
weight. No effect of fat on feed/gain ratio was observed for pigs between 
2 and 4 weeks of age. Feed/gain ratio was not significantly changed by a 
constant calorie to protein ratio. 
Fat digestibility increased with supplemental fat and with time after 
weaning. However, fat digestibility was not Influenced by age at weaning. 
57 
Percent carcass fat declined during the first two weeks postweaning 
followed by an increase between 2 and 4 weeks. Dietary fat level did not 
significantly affect percent carcass fat. However, increased protein 
level tended to decrease carcass fat. 
Energy consumed which was retained was greater for pigs between 2 
and 6 weeks than for those between 2 and 4 weeks of age. Increased 
dietary energy density did not affect energy retention. 
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APPENDIX 
66a 
Table A.l. Section 1- analysis 
(experiment 1 ) 
of variance of total gain by baby pigs 
Source of variance d.f. Mean square 
Outcome group (OG) 
Replication (R) 
OG/R 
15 
3 
12 
16.47 
25.22 
14.29 
Treatment (T) 
Basal vs fat 
Lard vs hydrolyzed fat 
5% vs 10% 
Level X source 
4 
1 
1 
1 
1 
15.42 
2.10 
16.91 
42.41* 
0.24 
OG X T 
R X T 
Residual 
58 
12 
46 
6.68 
7.08 
6.23 
* 
P < .05. 
Table A.2. Section 1- analysis of variance of total 
(experiment 1) 
gain by growing pigs 
Source of variance d.f. Mean square 
Outcome group (OG) 
Replication (R) 
OG/R 
15 
3 
12 
21.81* 
16.51 
23.13* 
Treatment (T) 
Basal vs fat 
Lard vs hydrolyzed fat 
5% vs 10% 
Level X source 
4 
1 
1 
1 
1 
56.30** 
125.93** 
26.91 
38.91* 
33.44 
OG x T 
R X T 
Residual 
59 
12 
47 
7.72 
7.87 
7.68 
*P < .05. 
"*P < .01 .  
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Table  A.3 .  Sect ion I-  analys is  of  variance of  feed/gain (experiment  1)  
Source of variance d.f. Mean square 
Baby pigs Growing pigs 
Replication (R) 3 0.07623 0.0341 
Treatment (T) 
Basal vs fat 
Lard vs hydrolyzed fat 
5% vs 10% 
Source vs level 
4 
1 
1 
1 
1 
0.03740* 
0.0162 
0.1024** 
0.0289 
0.0021 
0.1080 
0.2645** 
0.0441* 
0.1089** 
0.0144 
R x T 12 0.0089 0.0073 
* 
P < .05. 
A*P < .01. 
Table A.4. Section I- analysis of variance of feed intake (experiment 1) 
Source of variance d.f. Mean square 
Baby pigs Growing pigs 
Replication (R) 3 15. .56 142 .31 
Treatment (T) 4 16. .10 12 .91 
R X T 12 5. .28 15 .94 
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Table  A.5 .  Sect ion I -  analys is  of  variance of  energy intake (experiment  1)  
Source of variance d.f. Mean square 
Baby pigs Growing pigs 
Replication (R) 
Treatment (T) 
Basal vs fat 
Lard vs hydrolyzed fat 
5% vs 10% 
Source vs level 
155.88 
32.77 
2.63 
117.18  
5.64 
5.64 
1439.35 
680.83* 
1629.92** 
947.10* 
50.77 
95.51 
R X T 12 50.52 164.94 
*P < .05. 
**P < .01. 
Table A.6. Section I- analysis of variance of ether extract digestibility 
by baby pigs (experiment 1) 
Source of variance d.f. Mean square 
Replication (R) 
Treatment (T) 
Basa? vs fat 
Lard vs hydrolyzed fat 
5% vs 10% 
Level x source 
485.6844 
668.3892** 
1981.9970** 
0.0564 
74.1139 
803.1037* 
Age (A) 
R X T 
R X A 
T X A 
Residual 
2 
12 
5 
8 
20 
3001.7060 
73.8522 
720.8253 
29.2933 
69.6027 
P < .05. 
P < .01 .  
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Table  A.7 .  Sect ion I-  analys is  of  variance of  total  gain (experiment  2)  
Source of variance d.f. Mean square 
Outcome group (OG) 23 17.6494 
Replication (r) 5 35.4530 
OG/R 18 12.7040 
Treatment (T) 5 5.1949 
OG X T 115 5.3921 
R X T 25 5.6642 
OG x/R X T 90 5.3165 
Table A.8. Section I- analysis of variance of feed/gain (experiment 2) 
Source of variance d.f. Mean square 
Replication 5 .0099 
Treatment 5 .0047 
Residual 25 .0133 
Table  A.9* Sect ion I-  s igned di f ferences  of  diet  intake (experiment  2)  
Comparison Rank Sum of Sum of 
negative positive 
Î 2 3 5" 5 3 ranks ranks 
Hydrolyzed fat-
basal® +1.70 -3.20 +5.63 +34.94 +38.79 +49.40 -2 + 19 
Lard - basal^ +23.86 +25.04 +37.23 +38.68 +43.18 +43.49 0 +21 
Ta1 low - basal +28.26 +32.76 +34.23 +40.34 -43.15 +45.63 -5 +16 
Tallow - lard -0.95 +4.18 +6.88 -16.37 +24.29 +32.42 -5 +16 
Hydrolyzed fat 
lardc +11.94 -18.59 -20.16 -32.19 -44.00 -46.41 -20 +1 
Hydrolyzed fat 
ta1 low +3.11 -11.24 -21.84 -29.06 +31.32 -46.41 . -15 +6 
^Consumption of hydrolyzed fat significantly (P < .05) greater than basal, 
''consumption of lard significantly (P < .05) greater than basal. 
^Consumption of lard significantly (P < .05) greater than hydrolyzed fat. 
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Table A.10. Section il- analysis of variance of feed consumption and 
average daily gain (period 2) 
Source of variance d.f. Mean square 
Feed consumption Avg. daily gain 
Replication (R) 5 17203.3116 10023.1787 
Treatment (T) 4 20109.7627* 28390.1788* 
1 vs 2+3+4+5 1 32084.8682* 38828.6761* 
2+4 vs 3+5 1 57404.0462** 51372.4549* 
2 vs 4 1 5770.1624 2266.3074 
3 vs 5 1 82.4283 5664.8028 
Age (A) 1 176497.4138 874.6450 
R X T 20 5048.0205 9106.2593 
R X A 5 27907.0910 14079-3583 
A X T 4 7358.0295 6334.2327 
Residual 18 5229.3618 6208.6327 
P < .05, 
** 
P < .01. 
Table A.11. Section II- analysis of variance of average daily gain (period 3 and 4) 
Source of variance d.f. Mean square 
Period 3 Period 4 
Replication 5 21323.7586 21866.1074 
Treatment 4 3091.5697 3550.3371 
Residual 19 8309.4968 12522.1874 
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Table A.12. Section 11- analysis of variance of feed/gain (period 2) 
Source of variance d.f. Mean square 
Replication (R) 5 0.1025 
Outcome group/replicate 1 1 1.0925 
Outcome group/replicate 2 1 0.6991 
Outcome group/replicate 3 1 0.8696 
Outcome group/replicate 4 1 0.6885 
Outcome group/replicate 5 1 0.1691 
Outcome group/replÎcate 6 1 0.5633 
Treatment (T) 4 0.1347 
R X T 20 0.0912 
Residual 23 0.0478 
Table A.13. Section 11- analysis of variance of feed consumption and 
feed/gain (period 3) 
Source of variance d.f. Mean square 
Feed consumption feed/gain 
Replication 5 35016.7645 0.0032 
Treatment k 36025.5146** 0.0805* 
1 vs 2+3+4+5 1 79759.6609** 0.2271** 
2+4 vs 3+5 1 60088.3626* 0.0864 
2 vs 4 1 241.7733 0.0049 
3 vs 5 1 4012.2615 0.0036 
Residual 19 7734.3063 0.0229 
* 
P < .05. 
P < .01  
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Table A,14. Section II- analysis of variance of feed consumption and 
feed/gain (period 4) 
Source of variance d.f. Mean square 
Feed consumption Feed/gain 
Replication 5 18752.8216 O.IO85 
Treatment 4 43898.0870** 0.1135 
1 vs 2+3+4+5 1 92329.8211** 0.1961 
2+4 vs 3+5 1 86096.2034** 0.0498 
2 vs 4 1 138.7255 0.1981 
3 vs 5 1 27.6044 0.0036 
Residual 19 7921.9255 0.0582 
**P < .01 
Table  A.15.  Sect ion 11-  analys is  of  variance of  performance (periods  2+3+4)  
Source of variance d. f. Mean square 
Feed consumption Avg daily gain Feed/gain 
RepIIcation 
T reatment 
1 vs 2+3+4+5 
2+4 vs 3+5 
2 vs 4 
3 vs 5 
19029.8242 
31749.5008** 
66972.9414** 
57524.5595** 
75.6570 
2424.8455 
14211.5888 
5364.0281 
3209.8804 
18231.8510^ 
2.8337 
11.5474 
0.0165 
0.0655** 
0.1992** 
0.0477* 
0.0001 
0.1513 
Residual 19 6090.0887 3886.7815 0.0072 
P < .05. 
P < .01. 
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Table A.16. Section il- analysis of variance of average daily energy 
intake (period 2) 
Source of variance d.f. Mean square 
Replication (R) 
Treatment (T) 
Age (A) 
R X T 
R X A 
A X T 
Residual 
5 
4 
1 
20 
5 
4 
18 
193861.9493 
78205.0172 
1865739.9981 
53456.2954 
291406.5594 
57098.2226 
54318.4608 
Table A.17. Section II- analysis of variance of average daily energy intake (period 3, 4 and 
2+3+4) 
Source of variance d.f. Mean square 
Period 3 Period 4 Periods 2+3+4 
Replication 
Treatment 
Residual 
5 
4 
19 
364049.3613 
70935.2621 
76272.9360 
202061.8316 
58501.0951 
89918.5608 
200401.0406 
65470.6262 
62182.4575 
Table A.18. Section 1 1- analysis of variance of digestibility and 9Î )% excretion time 
Source of variance d.f. Mean square 
Dry matter 
digestibi1ity 
Protein 
digestibi1i ty 
95% Excretion 
time 
Replication (R) 
Treatment (T) 
Age (a) 
R X T 
R X a 
a X T 
Resi dual 
5 
4 
1 
20 
5 
4 
18 
16.7703 
18.4182 
191.0864** 
7.4508 
19.6695 
0.6944 
9.8036 
45.9343 
11.7238 
415.0126* 
18.4711 
42.8210 
4.5823 
26.4634 
248.9705 
421.9967 
117.7451 
243.5904 
1395.0049 
534.8812 
200.1924 
*P < .05. 
** 
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Table A.19. Section II- analysis of variance of ether extract 
digestibi1ity 
Source of variance d.f. Mean square 
Replication (R) 5 117.1676 
Treatment (T) 4 1052.1596** 
1 vs 2+3+4+5 1 5176.8936** 
2+4 vs 3+5 1 33.3348 
2 vs 4 1 11.2751 
3 vs 5 1 0.0320 
Age (a) 1 1960.3152* 
R X T 20 104.9511 
R X A 5 260.6609 
a X T 4 19.9720 
Res i dual 18 75.7008 
* 
P < .05. 
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Table  A.20.  Sect ion II-  analys is  of  variance of  dress ing percent  
Source of variance d.f. Mean square 
Replication (R) 
Treatment (T) 
Initial vs final 
1 vs 2+3+4+5 
2+4 vs 3+5 
2 vs 4 
3 vs 5 
Age (A) 
R X T 
R X A 
A X T 
Residual 
5 
5 
1 
25 
5 
5 
23 
24.9290 
232.7990** 
1180.1185** 
1.7233 
5.4575 
0.0504 
25.2890 
375.8935** 
11.7954 
19.9251 
58.2306* 
18.0138 
P < .05. 
** 
P < .01. 
Table A.21. Section II- analysis of variance of percent carcass crude 
protein 
Source of variance d.f. Mean square 
Replication (R) 5 0.6647 
Treatment (T) 5 0.2065 
Age (a) 1 9.6970 
R X T 25 0.4070 
R X a 5 2.5101 
A X T 5 2.1152 
Res i dual 19 0.2898 
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Table A.22. Section II- analysis of variance of percent carcass ether 
extract and dry matter 
Source of variance d.f. Mean square 
Ether extract Dry matter 
Replicate (R) 5 21.7102 14.2469 
Treatment (T) 5 16.9803** 12.4487* 
Initial vs final 1 62.6155** 45.9739** 
1 vs 2+3+4+5 1 11.5519 4.8217 
2+4 vs 3+5 1 0.1397 0.0000 
2 vs 4 1 7.7325 8.1979 
3 vs 5 1 23.2651* 16.2247* 
Age (A) 1 31.4112 45.0589* 
R X T 25 4.0903 3.4826 
R X A 5 10.3739 5.8426 
A X T 5 13.1181* 14.7412** 
Residual 22 3.3967 3.2083 
*P < .05. 
Table A.23. Section II- analysis of variance of percent carcass ash 
Source of variance d.f. Mean square 
Replication (R) 5 0.0544 
Treatment (T) 5 0.0363 
Age (A) 1 0.0034 
R X T 25 0.0474 
R X A 5 0.0458 
A X T 5 0.0202 
Residual 21 0.0336 
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Table  A.24.  Sect ion M- analys is  of  variance of  energy balance 
Source of variance d.f. Mean square 
Replication (R) 5 0.2000 
Treatment (T) 4 0.0438 
Age (A) 1 2.3342 
R X T 20 0.0402 
R X A 5 0.2293 
A X T 4 0.0101 
Residual 17 0.0548 
Table A.25. Section III- analysis of variance of average dally gains 
and average daily feed Intake of baby pigs 
Source of variance d.f. Mean square 
Ave rage daily Average daily 
gain feed intake 
Replication (R) 19 25796.3699 50915.8394 
Weeks (W) 3 2888712.5415— 2789465.7560** 
Age (A) 2 528532.5599* 756039.5473** 
R X W 57 9434.1561 5191.9740 
R X A 38 10642.8767 14466.6218 
A X W 6 37230.8897"* 48061.8505** 
R X W X A 114 7111.4768 3010.8772 
A 
P < .05. 
Table A.26. Section III- analysis of variance of average daily gain for pigs weaned at two, 
three and four weeks of age 
Source of variance d. f. Mean square 
2nd week 3rd week 4th week 
Replicate 
Week 
Residual 
19 
3 
57 
13089.2573 15552.2154 
615533.3661** 1096038.7222** 
302:8.7269 7517.3960 
18440.6312 
1251600.7883** 
13110.9741 
**P < .01. 
Table A.27. Section 111- analysis of variance of average dally gain of pigs postweaning 
Source of variance d . f .  Mean square 
1st week 2nd week 3rd week 4th week 
ReplIcate 
Age 
Residual 
19 
2 
38 
6559.7560 15590.9156 22023.7394 
9032.7094 169204.6641 232056.8288** 
4623.5378 11050.1454 8157.1320 
9924.4270 
229931.0266** 
8146.4855 
Table A.28. Section III- analysis of variance of feed Intake for pigs weaned at two, three and 
four weeks of age 
Source of variance d . f .  Mean square 
2nd week 3rd week 4th week 
ReplIcate 19 14796.1842 23954.0092 41098.8630 
Week 3 555938.6512** 970954.7917** 1358694.7879** 
Residual 57 2593.7771 3536.5122 5083.4353 
Table A.29. Section 1 1 1 -  a n a l y s i s  o f  v a r i a n c e  o f  f e e d  i n t a k e  o f  p i g s  p o s t w e a n i n g  
Source of variance d . f .  Mean square 
1 s t  w e e k  2 n d  w e e k  3rd week 4th week 
Replicate 19 3624.9845 15814.5424 28053.7201 18998.5143 
Age 2 18739.8738** 191901.5419 274019.0440** 415564.6391** 
Residual 38 1791.7515 7317.8287 7799.2039 6590.4691 
Table A.30. Section III- analysis of covariance of feed intake by pigs postweaning 
Source of variance d.f. Mean square 
1st week 2nd week3rd week 4th^week 
Replicate 19 3222.7671 9613.5115 13891.9711 10397.1845 
Age 2 1986.0103 17404.8498 52853.9937** 56645.6734** 
Residual 37 1777.0853 7245.4341 8009.0524 6523.4983 
Weaning weight 1 2334.3998 9996.4280 34.8092 9068.3906 
**P < .01. 
Table A.31. Section III- analysis of covariance of average daily gain by pigs postweaning 
Source of variance d.f. Mean square 
1st week ~ ~ 2n^d week 3rd week 4th week 
Replication 19 6643.9072 15836.1588 10234.8836 6784.4127 
Age 2 634.0319 86613.5946** 2755.0194* 56574.7824*^ 
Residual 37 4705.1672 10551.5781 8208.0836 8356.0432 
Weaning weight 1 1603.2491 29497-1342 6271.9255 392.8518 
*P < .05. 
<  . 0 1 .  
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Table A.32. Section III- analysis of variance of percent ether extract 
digestibility of baby pigs 
Source of variance d.f. Mean square 
Repl1 cation 19 484.4843 
Weeks (W) 3 1944.5540** 
Age (A) 2 55.9301 
R X A 38 243.8035 
R X W 57 111.3883 
A X W 6 112.5696 
R X W X A 114 112.7322 
** 
P < .01 
Table A.33. Section III- analysis of variance of ether extract digestibility by pigs weaned at 
two, three and four weeks 
Source of variance 2nd week 3rd week 4th week 
d.f. Mean square d.f. Mean square d.f. Mean square 
Repiicat ion 
V^eek 
Residual 
19 
3 
56 
539.0642 
429.1983** 
96.0523 
19 
3 
55 
229.9453 
698.5815** 
104.4943 
19 228.0478 
3 1015.8755** 
54 137.0018 
P < .01. 
Table A.34. Section III- analysis of variance of ether extract digestibility by pigs postweaning 
Source of variance 1st week 2nd week 3rd week 4th week 
d.f. Mean square d.f. Mean square d.f. Mean square d.f. Mean square 
Replication 19 281.5668 19 295.0611 19 177.5329 19 89.4543 
Age 2 408.1237 2 1.9283 2 117.4278 2 18.2802 
Residual 32 226.9789 38 247.1752 38 99.1003 38 26.7848 
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Table  A.35.  Sect ion Ml-  analys is  of  variance of  energy Intake/kg 
Source of variance d.f. Mean square 
Replication (R) 19 7259.4176 
Week (W) 3 712693.7632** 
Age (A) 2 11605.7681 
R X W 57 1961.5181 
R X A 38 4235.4565 
A X W 6 2908.9431 
Residual 114 1725.5415 
Table A.36. Section III- analysis of varience of energy Intake/kg"^^ 
for pigs weaned at two, three and four weeks of age 
Source of variance d.f. Mean square 
2nd week 3rd week 4th week 
ReplIcate 19 4928.6594 4562.1812 6239.4902 
Week 3 245499.3997** 223603.5507** 249408.6989** 
Residual 57 1601.2863 2012.0582 1799.2567 
. 75 Table A.37. Section III- analysis of variance of energy Intake/kg' of pigs postweaning 
Source of variance d.f. Mean square 
1st week 2nd week 3rd week 4th week 
Replicate 19 2763.2974 5336.1763 2864.4123 2180.0973 
Age 2 1991.3215 16146.9576* 874.4560 1319.8883 
Residual 38 1494.1037 4052.5060 2805.5246 1059-9502 
P < .05. 
